We have observed the CCH (N = 3−2, J = 7/2−5/2, F = 4−3 and 3−2) and SO (6 7 −5 6 ) emission at a 0.
INTRODUCTION
It is generally thought that a rotationally-supported disk is formed around a newborn star, which can eventually evolve into a planetary system (e.g., Bodenheimer 1995; Saigo & Tomisaka 2006; Machida et al. 2016) . A thorough understanding of disk formation is therefore of fundamental importance in exploring the origin of the Solar System. Such disks are indeed found in many protostellar objects in the Class II and Class III stages (e.g. , Williams & Cieza 2011; Dutrey et al. 2014 ). Although their existence was suggested for a few protostars in the younger stages (Class 0/I) (e. g., Enoch et al. 2009 ), it has recently been established, thanks to high spatial resolution observations with interferometers including the Atacama Large Millimeter/Submillimeter Array (ALMA) (e.g. , Tobin et al. 2012; Yen et al. 2013 Yen et al. , 2017 Brinch & Jørgensen 2013; Murillo et al. 2013; Lindberg et al. 2014; Lee et al. 2014 ; Ohashi et al. 2014; Oya et al. 2016 Oya et al. , 2017 Sakai et al. 2017 ). These results suggest that the disk structure is possibly formed at an earlier stage than previously thought. Although theoretical simulations have extensively been conducted for disk formation (e. g., Bate 1998; Hueso & Guillot 2005; Inutsuka et al. 2010; Machida et al. 2011; Tsukamoto et al. 2017; Zhao et al. 2018) , our understanding is far from complete. Thus, disk formation is one of the frontiers in star-formation studies.
Further through Kepler's law it is possible to estimate protostellar masses, even when the young star itself cannot be observed (e. g., Lommen et al. 2008 ). Thus, studies of disk kinematics make it possible to trace the amount of material that has been accreted onto the young star and thus follow its build up during the embedded protostellar stages.
IRAS 15398−3359 is a low-mass protostar in the Lupus 1 molecular cloud at a distance of 155 pc (Lombardi et al. 2008) . Its bolometric temperature is 44 K (Jørgensen et al. 2013 ), typically of Class 0 protostars. A molecular outflow from this source was detected through single-dish observations of its CO emission (Tachihara et al. 1996; van Kempen et al. 2009 ). From a chemical point of view, IRAS 15398−3359 is a so-called warm carbon-chain chemistry (WCCC) source which is rich in various unsaturated carbon-chain molecules, such as CCH, C 4 H, and CH 3 CCH, present on scales of a few thousand au scale around the protostar (Sakai et al. 2009 ). The CCH emission is weak at the continuum peak position, as shown in Figure 1 (b). We define the line perpendicular to the outflow axis as the envelope direction (P. A. 130 • ; the arrow in Figure   1 (b)), and prepare the intensity profiles of the CCH, SO, and 1.2 mm continuum emission along the line (Figure 1(d) ). Apparently, CCH shows a double peak in its intensity profile. The intensity peak of CCH appears on both sides at a distance of about 70 au from the continuum peak. Although this double-peaked feature was marginally reported in the CCH (N = 4 − 3, J = 7/2 − 5/2, F = 4 − 3 and 3 − 2) emission by Jørgensen et al. (2013) and Oya et al. (2014) , it is further confirmed in the present high-resolution observation.
In contrast to the CCH distribution, the SO distribution is concentrated in the vicinity of the protostar. Figure 1(c) shows the integrated intensity map of the SO (6 7 − 5 6 ) line in contours superposed on that of CCH in a color map. The peak position of the SO distribution almost coincides with the continuum peak. This feature is clearly seen in the intensity profile along the envelope direction, as shown in Figure 1(d) , where the SO emission shows a single-peaked distribution between the two intensity peaks of CCH.
A similar difference between the CCH and SO distributions is reported for another Class 0 lowmass protostar, L1527. The gas distribution around the protostar of L1527, which is a prototypical WCCC source, was explored with ALMA by Sakai et al. (2014a,b) . According to their results, CCH and c-C 3 H 2 are distributed outside the centrifugal barrier of the infalling-rotating envelope, while SO resides at the centrifugal barrier and/or inside it. A centrifugal barrier stands for the perihelion of the ballistic motion of the infalling-rotating gas, where the gas cannot fall inward under the conservation laws of the energy and angular momentum. It has been proposed that the temperature is raised around the centrifugal barrier due to a weak accretion shock of the infalling gas, and SO is likely liberated from grain mantles and enhanced there (Sakai et al. 2014a,b; Aota et al. 2015; Miura et al. 2017 ). In contrast, CCH seems to be broken up by gas phase reactions or depleted onto grain mantles inside the centrifugal barrier.
Kinematics

Keplerian Motion
First, we investigate the kinematic structure of the SO emission, which is well concentrated around the protostar. Figure 2 (a) shows the position-velocity (PV) diagram of the SO emission along the envelope direction (P. A. 130 • ) centered at the continuum peak. Red-shifted and blue-shifted components can be recognized in the southeastern and northwestern parts, respectively (Figure 2(a) ).
More importantly, the maximum velocity shift from the systemic velocity is as high as about 3 km s −1 . These components likely correspond to the high velocity components marginally detected in the H 2 CO emission (Oya et al. 2014 ). These results imply that SO traces the rotating disk structure around the protostar. The PV diagram along the line perpendicular to the envelope direction does not show a significant velocity gradient, indicating no infall and outflow motion (Figure 2(b) ).
Hence, the observed rotational motion is most likely the Keplerian rotation. In Figure 2 (a), the blue contours represent the model of Keplerian rotation with a protostellar mass of 0.007 M ⊙ . It seems to explain the velocity structure of the PV diagram observed for the SO emission reasonably well.
Note that the intensity around the central position in the model is much stronger than that in the observed PV diagram. This is most likely due to self-absorption or absorption by the foreground gas, especially around the systemic velocity. In this study, we focus on the kinematic structure of the disk, and the effects of radiative transfer and self-absorption are not included in the model. On the other hand, the PV diagram cannot be explained by the infalling-rotating envelope, even if the radius of the centrifugal barrier is set to 1 au (almost the free-fall motion) (Figure 2(c) ). The counter velocity components, which are red-shifted and blue-shifted for the northwestern and southeastern sides, respectively, appear in this model as opposed to the observed PV diagram.
Thus, the protostellar mass of this source is evaluated to be only 0.007 . Although the temperature of 100 K seems too high, it is adopted as the upper limit. Hence, the rotation motion may not be exactly Keplerian, and the mass of 0.007 M ⊙ might be an apparent value. Nevertheless, the small protostellar mass would not change drastically, even if such an effect is considered (Mestel 1963). To explore this effect in more detail and to derive the protostellar mass definitively, we need higher sensitivity observations of SO and other molecules. Even if the motion can be approximated by the Keplerian motion, a caveat should be mentioned. With the current resolution, we cannot be sure whether the materials in the beam centered at the protostar has already accreted onto the star. In this case, the derived mass could be an upper limit to the mass of the prototstar.
To assess the stability of the disk, we evaluated the Toomre-Q parameter (Toomre 1964; Goldreich & Lynden-Bell 1965) by assuming Keplerian motion. The derived Q parameter is 0.4
and 5 for temperatures of 20 K and 100 K, respectively. Thus, either the disk is relatively warm and of low mass, or it is in the unstable regime. Such an unstable part may be responsible for future accretion bursts.
Infalling-rotating Envelope
By using the protostellar mass estimated from the Keplerian motion, we examine whether the kinematic structure traced by the CCH emission is consistent with an infalling-rotating envelope. (Oya et al. 2014 ) around the protostar with a protostellar mass of 0.007 M ⊙ , where the radius of the centrifugal barrier is assumed to be at 40 au. The infalling-rotating motion seems to roughly explain the observed kinematic structure of CCH, although there is weak emission outside of the model in the observed PV diagrams probably due to contributions from the outflow cavity. It should be noted that, in the infalling-rotating envelope case, the systemic velocity of 5.3 km s −1 , which is similar to the previous report (Yen et al. 2017) , gives a better fit. Hence, the envelope and the disk could have slightly different systemic velocities. This difference is small, but significant. It may originate from the small protostellar mass, because, in this case, the disk system and the envelope could have different centers of mass.
Disk around a Very Low-Mass Protostar
IRAS 15398−3359 is found to be a very low-mass protostar. A protostar with a mass as low as this source has never been reported. Nevertheless, we find that a rotating disk structure has already formed (Figure 2(a) ). Although the radius of centrifugal barrier is derived to be 40 au, SO could become abundant in front of the centrifugal barrier due to the accretion shock. Hence, its distribution up to a radius of about 60 au is reasonable. The Keplerian rotation fit is mostly done in the range of r 40 au, and hence, the effect of the infalling-rotating components to the derivation of the protostellar mass can be ignored. Kristensen et al. (2012) and Jørgensen et al. (2013) reported envelope masses of 0.5 M ⊙ and 1.2 M ⊙ , respectively, and hence, the protostar will grow further.
Thus, the very low mass of the protostar means that it is in its infancy. In fact, the dynamical timescale of the outflow of this source is reported to be 10 2 − 10 3 yr (Oya et al. 2014; Bjerkeli et al. 2016a ). The present results therefore means that a rotating disk structure can be formed at a very infant stage of protostellar evolution. The mass accretion rateṀ acc averaged over the protostar life is estimated to be about ∼ 7 × 10 −6
M ⊙ yr −1 from the protostellar mass of 0.007 M ⊙ and the above dynamical timescale. It can also be estimated by using of the following relation (Palla & Stahler 1991) :
where L is the luminosity and R star the radius of the protostar. We evaluate the current accretion ratė Jørgensen et al. 2013 ) and R star of 2.5 R ⊙ (e.g., It should be noted that the mass loss rate due to the outflow is reported to be (3.2 − 3.7) × 10 −6
M ⊙ yr −1 (Yıldız et al. 2015 ) and 7 × 10 −8 M ⊙ yr −1 (Bjerkeli et al. 2016a) , which is comparable to or smaller than the above estimates of the accretion rate.
Although the very low mass of this protostar can naturally be interpreted as its infancy, the alternative possibility is that this protostar may evolve into a brown dwarf. A planetary system could be formed even around a brown dwarf, as predicted by theoretical models for the formation The abscissa is the angular offset from the continuum peak. (Tobin et al. 2015; Yen et al. 2015) . In some protostars, only the range of the protostellar mass and that of the disk mass are estimated. In this case, we employ the maximum range.
